.
Introduction
Retinal vasoproliferative tumors (RVPT) are rare retinalderived benign and acquired vascular tumors and occur frequently in healthy adults [1] [2] [3] [4] . Currently, treatment modalities for RVPT are generally divided into conservative treatment (nonresection) and surgical resection. Conservative managements are the most commonly used methods for RVPT, including cryotherapy [5] [6] [7] , laser photocoagulation [6, 8] , radiotherapy [9, 10] , anti-VEGF treatment [11] , and photodynamic therapy [12, 13] . ese are more effective on small tumors, but patients with concomitant complications and larger tumors may require multiple treatments. Traditionally, vitreous surgery was mostly aimed at the treatment of RVPT-related intraocular complications, such as macular epiretinal membrane, vitreous hemorrhage, and traction retinal detachment. During operation, the tumor was not removed, and only conservative treatments such as cryotherapy and laser photocoagulation are performed [6, 8, [14] [15] [16] . However, more than 30% of the tumors were not effectively controlled and turned to tumor resection in vitrectomy (Table 1) [6] .
In this study, the safety and efficacy of intraoperative tumor resection in vitrectomy of RVPT were compared with the long-term results of tumor conservative managements in vitreous surgery.
Patients and Methods
is is a retrospective study. RVPT patients who underwent vitreous surgery at the Eye Hospital of Wenzhou Medical University, Zhejiang, China, from January 2011 to July 2017 were included. Altogether, 16 patients with 18 eyes were included, accounting for 1.20‰ of the total surgical number at the same period.
Data Collection.
Preoperative data were collected from all patients for analysis of entire clinical features. Baseline characteristics included gender, age, systemic disease, eye types, major symptoms, duration of symptoms, best-corrected visual acuity (BCVA), axial length, spherical equivalent, intraocular pressure, and concomitant retinal diseases. e main records of the tumor consisted of tumor type, number, location, size, color, whether it was found before surgery, and whether it could be detected by B-ultrasound.
Intraoperative complications were recorded. Postoperatively, follow-up visits, complications at 1 month, BCVA at 6 months and the last follow-up, associated retinal diseases, retreatment method, and tumor activity were all collected.
e BCVA results were converted to LogMAR vision record. e criteria for the tumor activity were as follows: (1) fluorescence angiography showed that there was leakage of fluorescence at the tumor site after more than 3 months follow-up and (2) there was subretinal fluid effusion or exudation connected to the tumor body and was not resolved or even progressed after at least 3 months follow-up. e tumor was determined to be active when one of the criteria is met.
Groups.
Based on whether the tumor was removed during surgery, the patients were divided into conservative treatment group (Group C) and resection treatment group (Group R). e follow-up period was not less than 6 months. In one case (case 5), the follow-up period was shorter than 6 months and was excluded. In case 6, the patient underwent surgery twice. e first nonresection surgery was included in Group C in which a total of 9 eyes were involved. e second resection operation was recruited in Group R (Figure 1 ) for a total of 8 eyes. All patients had signed informed consent for surgery before and after treatment.
Surgery.
e surgery was performed by 3 surgeons in our hospital (Dr. BZ, Dr. FC, and Dr. ZS). After the retrobulbar anesthesia, 23G or 25G vitrectomy was performed. Intraoperative management to the lens was based on the three principles: (1) if the lens opacities seriously affected the operator, the lens was removed and the intraocular lens was implanted at the same time; (2) if silicone oil was applied, the lens was removed in a second surgery; and (3) if silicone oil was not used and the patient was older than 50 years, the lens was also removed and the intraocular lens was implanted. e lens was kept if the patient was less than 50 years old.
After removal of the central vitreous body, the vitreous cortex around the optic disc was separated. Some of the patients were assisted with triamcinolone acetonide. e epimacular membrane was stripped and stained with indocyanine green while removing the inner limiting membrane, approximately 4 PD in diameter. Group C only used cryotherapy or laser photocoagulation treatment on the tumor body. e tumor body was pale by cryotherapy, and the spot covered the tumor body by laser photocoagulation. Some patients performed electrocoagulation on the tumor's nourishing and draining blood vessels. Patients in Group R were treated with prophylactic photocoagulation around the tumor, and the areas with abnormal retinal vessels were covered. A retinectomy was conducted close to the tumor body, and the tumor was dissociated. Some tumors were removed from a scleral incision 4 mm posterior to the limbus. After gas-liquid exchange, the vitreous was filled with BSS, long-acting gas, sterilized air, or silicone oil. Some of them received intraocular injection of triamcinolone acetonide 0.1 ml (4 mg). In 3 to 6 months after surgery, all silicone oil was removed from silicon oil tamponade eyes.
Pathological Examination.
Tumor samples from 5 patients with RVPT (cases 12, 13, 14, 15, and 16) in the resection Group R were routinely sent for HE staining for pathological analysis.
Statistical Analysis.
is study used SPSS 23.0 software for statistical analysis. Quantitative data were evaluated by the Kolmogorov-Smirnov (K-S) test for the normality. e normal distributed data were compared by t-test or repeated variant analysis, and the results were presented as the mean ± SD (standard deviation of the mean). Categorical variables were assessed using the chi-square test or Fisher's exact test. Statistical significance was set at P value < 0.05.
Results

Overall Data.
In this study, 16 patients with 18 eyes were enrolled ( Table 2 ). In total, female consisted of 69%. e mean age was 50 (49.72 ± 12.92) years, with the youngest at 28 years old, the oldest at 69 years old, and 81% of them older than 40 years. Of those patients, 4 (25%) presented with hypertension, 1 (6%) immune system disease, 1 (6%) pulmonary tuberculosis, and 1 (6%) endometrial carcinoma. e incidence of the left eye (59%) is slightly higher than that of the right eye (41%). Fifteen people got unilateral onset and only one patient suffered bilaterally. e patient's clinical symptoms were Journal of Ophthalmologymore common with visual loss (89%), followed by floaters (39%), visual distortion (19%), visual field defect (6%), photopsia (6%), and red eye (6%). e mean duration of symptoms was 7.88 ± 10.86 months, with the shortest one being 0.25 months and the longest being 36 months. e averaged preoperative BCVA was 0.82 ± 0.75 LogMAR ranging from hands moving before eye to 20/20. e
preoperative IOP values were all normal. No patient got high myopia, and the axial length ranged from 21.61 mm to 24.67 mm, with the mean value of 23.27 ± 0.27 mm. e primary RVPT was 11 (65%) eyes, and the secondary RVPT was 6 (35%) eyes. Both were associated with uveitis. e retinal disease was most common with the epimacular membrane (67%), followed by vitreous hemorrhage (39%, 7 Journal of Ophthalmologyeyes, including 4 eyes 1 grade, 1 eye 3 grade, and 2 eyes 4 grade), uveitis (39%), subretinal fluid (28%), retinal exudate (23%), traction retinal detachment (18%), and macular holes (6%). Preoperative physical examination revealed tumor in 12 eyes, 3 of which were also detected by ultrasound. All tumors were isolated, focal lumps. e tumor located commonly inferiorly (70%) and temporally (72%), of which 53% was inferior temporal, followed by the superior temporal (23%) and the inferior nasal (18%) location. ere was no lesion at the superior nasal area (Figure 2 ). e tumor size was mostly concentrated in 2-4PD size (82%).
Intergroup Data.
For the baseline characteristics, only gender was significantly different between these two groups (P � 0.029).
e eye, age, duration of symptoms, preoperative BCVA, follow-up time, axial length, spherical equivalent, and intraocular pressure all showed no differences (Table 3) .
Both at the 6 months after surgery and last follow-up visit, the BCVA was not statistically different between Group C (0.52 ± 0.64 and 0.47 ± 0.56) and Group R (0.33 ± 0.31 and 0.43 ± 0.31). For the improvement of BCVA at 6 months after surgery and the last follow-up visit compared with the baseline level, both were significantly different between Group C (0.03 ± 0.43 and −0.03 ± 0.48) and Group R (−0.86 ± 0.70 and −0.76 ± 0.73) (P � 0.006 and P � 0.033) ( Table 3 ). For the improvement of BCVA at least 0.2 LogMAR at 6 months after surgery and the last followup visit, there were 2 eyes (22.2%) in Group C and 7 eyes (87.5%) in Group R. Two eyes (22.2%) in Group C presented with vision loss. One was case 6.1, and the tumor was active after surgery, resulting in subretinal fluid with macular involvement (Figure 1 ). e other one was case 7.1, and the tractional epiretinal membrane secondary to the postoperative survival tumor along the superior temporal retinal vasculature arch involved the macula. One eye (12.5%) in Group R got vision reduction. It was case 12 which was induced by the posterior capsular opacity and the clumpy silicone oil particles adhered to the posterior capsule center. For the BCVA that decreased at the last follow-up compared with 6 months after surgery, there was one eye in Group C. It was case 1 caused by the complicated posterior capsular opacity. And there were 4 eyes in Group R. ey were case 11, case 12, case 13, and case 16. e former two were caused by after cataract and the latter two developed central posterior capsule opacity.
In terms of tumor activity, all the 8 eyes in Group R were completely removed. Six eyes (66.7%) in Group C were completely inactivated (Figure 3) , whereas 3 eyes (33.3%) were still active, including case 4, case 6.1, and case 7.1, in which case 4 was treated by laser therapy, and in case 6.1, the tumor was surgically removed thereafter ( Figure 1 ). ere was a statistically significant difference between the two groups (P � 0.008) ( Table 4 ). e complications within 1 month after the operation included mainly increased IOP and hemorrhage, which were improved by medication. In case 11 of Group R, the foot loop of the artificial lens prolapsed into the anterior chamber and was re-surgically reset.
Persistent intraocular inflammation was the most common retinal disease during the entire follow-up period. Two (22.2%) eyes in Group C and 5 eyes (62.5%) in Group R had preoperative intraocular inflammation. All patients were significantly relieved after surgery (Figure 4 ). e recurrent epiretinal membrane was a common long-term complication. ree eyes (33.3%) in Group C were case 4, case 7.1, and case 7.2. e former two were epimacular membrane, and the tumors were not inactivated. Case 7.2 only presented with localized epiretinal membrane proliferation around the tumor. One patient (12.5%) in Group R, case 16, for whom the inner limiting membrane was not removed during the operation showed sustained mild intraocular inflammation. In other cases, submacular exudation (case 6.1) and macular neovascularization (case 4) occurred in 2 eyes in the noninactivated tumors of Group C.
Pathological Results.
In general, all samples were located on the inner side of the retina. e tumor boundary was relatively clear, and the outer surface of the retina was smooth and intact. Under the microscope, the tumor and the retinal inner layers combined tightly without obvious boundary, which involved the retinal nerve fiber layer, ganglion cell layer, and inner plexiform layer. Some individuals invaded through the inner nuclear layer, and the tumor and retina layers were interlaced, but they were all confined to the inner layers of neural retina ( Figure 5(a) ). In all samples, small vessel wall thickening and hyaline degeneration were observed, and fibrinous exudation and inflammatory cell infiltration were observed around some blood vessels (Figures 5(b) and 5(c) ). e degree of astrocyte e nucleus was oval and short fusiform, with fine chromatin. ere were no obvious nucleoli or no nucleoli, and no mitotic activity was observed ( Figure 5(d) ).
Discussion
RVPT is a rare retinal benign lesion. e included patients only accounted for 1.2‰ of the total retinal surgeries in our hospital during the same period. Because of its low incidence, some ophthalmologists often fail to recognize the examination and diagnosis of RVPT. e common clinical symptoms of RVPT are vision loss, floaters, visual field defect, photopsia, and visual distortion [3] . e decline of vision is often the main reason for the clinic visiting of patients. e major manifestation is gradual or sudden vision loss, which is mainly related to epimacular membrane, vitreous hemorrhage, and inflammatory opacity [1] [2] [3] . In our cases, the vision loss as the main symptom accounted for 89%. e epimacular membrane was 67%, which was much higher than the incidence of previous reports of 25%, [3] mainly because we focused on patients who received vitreous surgery. e other symptoms were followed by vitreous hemorrhage (39%) and uveitis (39%). In the course of this study, we found that missed diagnosis or misdiagnosis often occurs in some patients with mild vitreous hemorrhage. Because the intraocular mass often occurs proximal to the ora serrata. this was difficult to be detected without careful examination after pupil dilation if merely relied on B ultrasound. Of the 12 eyes being diagnosed before surgery, only 3 eyes were also diagnosed by B ultrasound. Some patients presented mainly with intraocular inflammation, often misdiagnosed as "uveitis." ey were given long-term glucocorticoid treatment until vitreous hemorrhage and referred to retinal surgery department. erefore, for patients with vitreous hemorrhage accompanied by intraocular inflammation, doctors should be vigilant; timely pupil dilation examination for early detection and diagnosis of RVPT is very important.
Uveitis is a common cause of secondary RVPT [2, 3, 23] , but the causal relationship between the two is still unclear and controversial. Some scholars believe that intraocular inflammatory cells are "spilled" from the abnormal blood vessels of the tumor [5] . It is also believed that it is the immune response to the abnormal tumors [24] . In our study, 7 cases were diagnosed as uveitis before surgery, and none of the patients treated with glucocorticoids had been relieved. Interestingly, in these patients, after removal of the tumor or inactivation of the tumor through conservative treatment, the intraocular inflammation was significantly reduced and there was no recurrence during follow-up.
erefore, we believe that intraocular inflammation may be a result of RVPT relapse.
Previous literature did not record the axial length and diopter of the patients. e axial length of our patients ranged from 21.61 mm to 24.67 mm, with an average of 23.27 mm. All patients had mild to moderate refractive errors and had no high myopia. We suppose the impaired microcirculation was caused by the thinning of choroidal thickness in high myopia [25] and the thinning of blood vessels due to the passive pulling from the retina [26] . Although VEGF may be involved in the pathological process of RVPT [19] , it may be one of the reasons for the absence of RVPT in patients with high myopia due to prolonged ischemia and hypoxia that make it insensitive to increased VEGF.
According to the current reports, the thickness of the tumor based on echographic measurement is an important factor affecting the effect of conservative treatment [5, 6] . Although the application of brachytherapy has a significant effect on the healing of tumors larger than 2 mm thick, it is expensive and technically difficult for widespread use [9] . Cryotherapy is currently the most common treatment for RVPT and the most common treatment used in this study. It is effective on tumors less than 2 mm thick [5] . is is a retrospective study, with only 3 cases detected in the preoperative B-ultrasound. So the limitation of tumor thickness was not recorded and whether the thickness of the tumor affected the conservative treatment group could not be fully discussed.
For patients with complications and larger tumors, multiple treatments were required. Ineffective cases were considered to undergo a vitreous surgery to remove the tumor, and in severe cases, the eyeball was extracted [27] ( Table 1 ). In the past, the purpose of vitreous surgery was mainly to resolve RVPT-related intraocular complications such as epimacular membrane and vitreous hemorrhage, and the tumor was not removed. In 2015, Garcia et al. reported 31 eyes in 30 patients with RVPT (17 eyes underwent vitrectomy). After the initial treatment, the recurrent rate of RVPT was 35% [6] . In our study, 9 patients in Group C were treated for this purpose. e proportion of tumors active after treatment was 33%. Hyaline degenerative vessels are the most characteristic and repetitive pathological features of RVPT [5, 15] . Our pathological results showed varying degrees of fibrinous exudation and inflammatory cell infiltration around the vessel wall. is may be related to clinically relevant subretinal fluid, hard exudation, and even "overflow" of inflammatory cells.
erefore, we believe that the key to successful treatment is the destruction and removal of abnormal blood vessels. Now research agrees that RVPT is a benign hyperplasia without invasiveness [2, 4, 27] . Our study also found that the tumor had a clear boundary, the lesion was confined to the retinal inner layers, and there was no adhesion to the surrounding tissue. ese provide a pathological basis for the feasibility of surgical resection and the choice of surgical route.
e current literature reports that the surgical removal of tumors by the vitreous approach is mainly a remedy after failure of several conservative treatments [16, 18] . ere were few reported cases of direct resection while the condition of these cases was effectively controlled after this operation [16, 19, 20, 22] . In our Group R, no residue or recurrence of tumors was observed after surgery, and related intraocular complications were also cured. We believe that this is related to benign intraretinal hyperplastic tumors in RVPT itself [16, 28] .
e tumors are isolated with clear borders [15] , making it possible to completely remove the tumors during surgery. Moreover, similar to retinal capillary hemangiomas, RVPT also has feeding and draining blood vessels. However, these blood vessels only slightly dilate and are completely different from the remarkably thick, distorted blood vessels, as seen with the retinal capillary hemangiomas of von Hippel-Lindau disease [2] . During surgery, no special control of blood pressure is required to reduce bleeding. In 2008, Gibran reported 3 patients who were not responding to other treatments. All patients underwent intraocular tumor removal and intraocular lens implantation for cataract. Very severe fibrinous uveitis occurred in 2 eyes after surgery. Finally, the artificial lens was removed and an iris clip-type IOL was implanted. e author believed that the combination of anterior and posterior segments surgery in RVPT patients would aggravate the destruction of the blood aqueous barrier, and it was prone to induce severe anterior inflammatory reactions [16] . However, in the two groups of patients we observed, the postoperative inflammatory response was mild and no similar complications occurred. e short-term intraocular pressure elevation and a small amount of intraocular hemorrhage were more common.
erefore, we believe that the combination of vitreous surgery and tumor resection is a safe treatment.
In the present study, there were no statistical differences between the two groups, except gender before surgery. Compared with the baseline level, the improvement of BCVA at 6 months and the last follow-up visit were more pronounced in Group R than in Group C. And there were more eyes with BCVA improved more than 0.2 LogMAR. In the two groups, there were also some patients with decreased visual acuity compared with the baseline level, but the reasons were quite different.
e loss of visual acuity in Group C was mainly related to the macular disease secondary to the tumor noninactivation, whereas the vision reduction in Group R was mainly due to the lens opacity. Hence, we believe that the combination of vitreous surgery and tumor resection is an effective treatment.
Conclusions
We found that RVPTmay be more likely to occur in nonhigh myopia eyes. Epimacular membrane and vitreous hemorrhage are common causes of vitreous surgery in RVPT patients. However, those with inflammatory opacities in the vitreous should be fully pupil dilated to check the peripheral fundus and be alert to the possibility of RVPT. Vitreous surgery is an effective method to treat RVPT-related complications. Compared with conservative treatment during surgery, the surgical removal of the tumor did not increase the risk of surgical complications. It completely inactivated the tumor, which was more conducive to the vision recovery and prevented long-term complications associated to the noninactivated tumors. It is a safe and effective treatment.
Data Availability
e data used to support the findings of this study are available from the corresponding author upon request.
